ABSTRACT Periodate-oxidized 3' ends of 5S, 23S, and 16S rRNAs from Escherichia coli were allowed to react with fluorescein thiosemicarbazide, then labeled rRNAs were reconstituted into active ribosomal subunits. The fluorescein moiety on each of the rRNAs when reconstituted into ribosomal subunits was accessible to anti-fluorescein IgG as determined by fluorescence quenching and by sucrose gradient centrifugation. The region at which an antibody molecule bound to the labeled ribosomal subunits was determined by immunoelectron microscopy. The 3' end of the 5S RNA was localized on the central protuberance of the 50S subunit. The corresponding region for the 3' end of the 23S RNA was below the stalk on the noninterfacing surface. The 3' end of the 16S RNA was localized to the upper edge of the large lobe of 30S subunits, as reported previously.
Immunoelectron microscopy has been used by three laboratories to localize the position of the 3' end of the 16S RNA in ribosomal subunits from Escherichia coli (1) (2) (3) (4) (5) . Electron micrographs of these antibody-subunit complexes are in good agreement as to the location ofthe hapten conjugated to the 3'-terminal adenosine, although different haptens, divergent modification procedures, and even different three-dimensional models of the 30S subunits have been used by each of these groups. On the basis of these electron micrographs the 3' end of the 16S RNA has been located at the inner side of the large lobe, below the convex edge of this projection (4, 5) . Recently Shatsky et aL (6, 7) reported localization of the 3' ends of 50S subunit ribosomal RNAs by immunoelectron microscopy. Large ribosomal subunits were reconstituted with 5S and 23S RNA modified by covalent attachment of phenyl /3D-lactoside.
Here we present electron microscopic data localizing the 3' ends of 5S RNA and 23S RNA on reconstituted 50S ribosomal subunits containing fluorescein-derivatized RNA species that had reacted with anti-fluorescein antibody. Electron micrographs with IgG on fluorescein-labeled 16S RNA in 30S ribosomal subunits are shown for comparison with previous results (1) (2) (3) (4) (5) .
MATERIALS AND METHODS Preparation of Anti-Fluorescein Antibodies. Fluorescein isothiocyanate was conjugated to bovine serum albumin at fluorophore-to-protein ratios of 10. Three rabbits were immunized, following the immunization schedule essentially as described (8) . Preimmune serum was collected prior to the first injection. IgG antibody was purified from the immune and preimmune sera by precipitation with ammonium sulfate between 0% and 50% saturation. IgG was further purified by chromatography on DEAE-cellulose columns, using conditions described by Sela and Mozes (9) . The IgG fractions from rabbits 1 and 3 were further purified by affinity chromatography on staphylococcal protein A-Sepharose. IgG from any ofthe three antisera reacted with free fluorescein as well as with fluorescein-labeled ribosomal subunits. When tested by double immunodiffusion, the antisera precipitated a rabbit IgG-fluorescein conjugate, which had not been used as immunogen, but they gave no reaction with unmodified rabbit IgG.
Preparation of Ribosomal Subunits and Components Derived from Them. The growth of E. coli K-12, strain A19, and subsequent isolation of ribosomal subunits, extraction of rRNA and preparation of total subunit proteins, reconstitution of 30S and 50S ribosomal subunits, oxidation and labeling of the isolated rRNAs with fluorescein thiosemicarbazide, and measurement offluorescence were carried out as reported (10) . The fluorescein-to-RNA ratio was between 0.91 and 1.03 as determined by absorbance for each of the rRNAs used here. Fluorescently labeled rRNA or ribosomal subunits were maintained in a solution containing 20 mM K+ Hepes at pH 7.6, 10 mM magnesium acetate, 100 mM NH4Cl, and 4 mM 2-mercaptoethanol.
Fluorescein-antibody binding was carried out by incubating antigens and antibodies in this solution for 30 min at 4°C.
Preparation of Antibody-Subunit Complexes. Antibody-subunit complexes were purified by sucrose gradient centrifugation as described (11) . Samples for electron microscopy were taken from the sucrose gradients as indicated for Fig. 1 . The samples were negatively stained with 0.5% uranyl acetate and placed on grids, using the double-layer carbon technique (11) . Electron micrographs were taken on a Philips EM 301 at 80 kV and magnifications of x71,000 or X 110,000.
RESULTS
Activity of Labeled Subunits. The isolated rRNAs were labeled at their 3' ends by reaction with fluorescein thiosemicarbazide after periodate oxidation as described (10 Fig. 1 . The labeled subunits give a sharp peak corresponding to a rate of sedimentation similar to that of native particles ( Fig. 1 a, c , and e). Incubation of the fluorescein-labeled subunits with anti-fluorescein IgG' led to the formation of a faster moving peak that contained' subunit-antibody complexes ( Fig. 1 b, d, andf) . The size and the S value of those peaks varied'with the type and concentration of the antiserum used (see Materials and Methods). Fractions from each of the subunit preparations that contained the subunit-IgG complexes were pooled as indicated in Fig. 1 and used for specimen preparation. Localization of the 3'"End of 16S RNA. Two groups of subunit-antibody complexes-monomeric 30S subunits each having a single IgG molecule bound (Fig. 2a) and subunit pairs joined by an IgG (Fig. 2b) -were observed in electron.micrographs of 30S subunits reconstituted from fluorescein-labeled. Fig. 3a . The shape and the adsorption behavior of the 50S subunits are not perturbed by reconstitution with the labeled 5S RNA. Both 50S monomeric subunits and SOS pairs held together by an IgG molecule were observed. Quasisymmetric crown-shaped images were the predominant form observed in the 50S-IgG complexes, whereas. asymmetric kidney-shaped forms were rare. Antibody binding was to the central protuberance in crownshaped subunits (Fig. 4 a and b) and to the pointed end in kidney-shaped subunits (Fig. 4c) . Because it is generally accepted that the central protuberance in crown forms corresponds to the pointed end in kidney forms (11) (12) (13) (14) (15) body binds to the central protuberance below the tip and most likely at the rear or perhaps laterally to this structural element (see Fig. 6 ). Antibody binding to the internal side is highly unlikely.
Localization ofthe 3' End of 23S RNA. A general field of50S subunits reconstituted from fluorescein-labeled 23S RNA reacted with anti-fluorescein antibody is shown in Fig. 3b . Pairs of 50S subunits linked by one IgG molecule appear to be oriented in a less restricted range of views, as compared with 50S subunits containing modified 5S RNA. Still, the most common view is of the crown form, with an antibody molecule bound at c, the side of the crown approximately 70 A below the region where the appendage extends from the two-dimensional contour ofthe particle (Fig. 5 a-c) . Views showing the 50S subunits oriented to give the kidney profile are required to localize the antibody combining site in a three-dimensional system. Such views are shown in Fig. 5d , in which the antibody molecule appears to protrude from the back side of the labeled particle away from the concave surface that interfaces with the 30S subunit. The projections allow the localization of the 3' end of the 23S RNA on the three-dimensional model ofthe 50S ribosomal subunit as shown in Fig. 6 . Fig. 6 . The locations of the 3' ends of 5S and 23S RNA are on very distinct structural features on electron micrographs of negatively stained 50S subunits. It is thus possible to transfer our locations on the threedimensional subunit models of Lake (17) and Boublik et aL (18) , despite the differences between these models.
Localization of the 3' end of 16S RNA is in good agreement with crosslinking data and with mapping data of ribosomal proteins S1 and S21 (20) (21) (22) . Each of the 5S RNA binding proteins (23) appears to have an antigenic determinant at or near the central protuberance of the large ribosomal subunit (ref. 24; unpublished results). In contrast to 16S and 5S RNA, the topographical location of the 3' end of 23S RNA in 50S subunits is poorly defined by other~methods (23) , and a comparison with our data therefore is impossible.
Our results are in good agreement with data recently published by Shatsky et al.. (6, 7) . The two-dimensional locations of the 3' ends of 5S and 23S RNA on 50S subunits observed by these workers were similar to those reported here [compare Fig. 6 with figure 3 of Shatsky et al. (6) ]. However, these authors did not attempt to locate the 3' ends on a three-dimensional model of the large subunit.
